A successful outcome of an arterial switch operation (ASO) for dextro-transposition of the great arteries (D-TGA) depends in large part on the transfer of the coronary arteries to the neoaorta without distortion or narrowing. However, the origins and distribution of the coronary arteries are quite variable in D-TGA; therefore, the entire experience with ASO at the Children's Hospital in Boston was reviewed. From 
the aorta and pulmonary artery. Seven had ASO with one death, and seven had Senning operations. One patient had an intramural anterior descending artery arising from the right sinus and had a Senning operation. Early and late CA deaths were reduced from 11 of 144 patients (7.2%) in the first half of the experience to five of 146 patients (3.4%) in the second half. Therefore, all CA patterns appear to be "switchable," but single right coronary artery and "inverted" CA patterns carried increased risk. Increasing experience will likely lead to improved results with less common coronary patterns. (Circulation 1990 ;82(suppl 1V):IV-139-IV-145) n dextro-transposition of 
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Supplement IV Circulation Vol 82, No 5, November 1990 However, there have been relatively few reports on the results of arterial switch operations in which the anatomy of the coronary arteries has been detailed. [4] [5] [6] Furthermore, the reported experience with the less common coronary patterns has been quite small, despite the fact that as many as 15% of patients with D-TGA will have one of these less common patterns.2 Therefore, the entire experience with the arterial switch operation at the Children's Hospital in Boston was reviewed to assess the relation between coronary artery anatomy and early and late outcome.
Methods The hospital records of all patients with D-TGA with or without a ventricular septal defect (VSD) who were brought to the operating room with the plan to perform an arterial switch operation from January 1983 to November 1989 were retrieved and reviewed. A total of 314 patients met this criterion for inclusion in the study during this time interval. All available angiograms were reviewed by one of the authors, all available echocardiograms were reviewed by a second coauthor, and all operative reports were reviewed by a third coauthor. The findings as described in the operative report were taken as the definitive anatomical diagnoses of coronary pattern if the descriptions were complete. Data from angiography, echocardiography, and postmortem examination were used in doubtful cases, and discrepancies were reconciled by consideration of all of the data by three of the authors. A cause of death was assigned to each patient who died based on a review of the hospital record and autopsy findings, when available. The cause of death was classified as "coronary" in origin if there was direct visual evidence of diminished myocardial perfusion in the operating room associated with poor myocardial function or if postmortem angiography and/or inspection of the coronary arteries showed stenosis or occlusion of a major coronary artery branch or branches associated with a clinical evidence for myocardial failure.
Follow-up information was based on the hospital record for patients followed at our hospital and on personal communication with the referring physician for all other patients. All follow-up angiograms performed at either our hospital or the referring institution were reviewed by one of the authors.
Eight basic coronary artery patterns were recognized and are shown in Figure 1 . This classification is similar to that previously described,7 although the system for "naming" the aortic sinuses was altered to one that seemed more logical and easier for us to remember. The two aortic sinuses adjacent to the pulmonary artery were termed the "facing" sinuses. The sinus that was to the left (when viewed from the perspective of the center of the pulmonary valve) was considered the "left facing sinus," although it might be directly anterior in the case of a side-by-side relation of the great vessels. Conversely, the sinus to the right when viewed from the same perspective was termed the "right facing sinus," although it might face directly posteriorly. Thus, in the most common coronary pattern (usual, or type 1), the left coronary system arises from the left facing sinus, and the right coronary artery arises from the right facing sinus. There was some variation in the amount of myocardium supplied by each of the major branches of the coronary system, but an arterial branch was considered to be an "anterior descending," "circumflex," or "right" coronary if its course appeared to be analogous to that of these same coronary branches in the normal heart and it extended over at least two thirds of the usual extent of these branches. In many cases with type 1 coronary pattern, there was not a single distinct artery analogous to the circumflex in the normal heart, but there were several branches of the left coronary artery that supplied the lateral and posterior portions of the left ventricle. These patients were classified as though they had a single branch supplying the usual distribution of the circumflex coronary artery. In all but one patient classified as having a "single right coronary" (both left and right coronary arteries arising from a single ostium in the right facing sinus), there was a small coronary branch arising from the left facing sinus that supplied the conus portion of the right ventricle and occasionally supplied a portion of the anterior interventricular groove. If this vessel did not extend more than one half of the distance toward the apex and there was a larger artery supplying the anterior interventricular groove that arose from the right facing sinus, this small artery was considered to be a conus branch and not an anterior descending coronary artery. This difference in the amount of anterior left ventricular wall supplied by the coronary artery that arises from the left facing sinus distinguished a single right coronary artery (type 3) from type 2, in which the circumflex coronary artery is a branch of the right coronary artery (that arises from the right facing sinus) and the anterior descending artery arises from the left facing sinus.
All arterial switch operations were performed under profound hypothermia (<200 C) with either circulatory arrest or low-flow bypass. Myocardial protection was provided with crystalloid cardioplegia. The coronary artery ostia were mobilized by excising a large patch of the sinus of Valsalva wall around the coronary ostium as previously described.8 Anastomoses of the coronaries to the neoaorta were made into U-shaped defects with running 7-0 monofilament suture. Mobilization of the proximal coronary artery beyond the ostium was carried out only far enough to allow a tension-free transfer of the coronary artery to the neoaorta. An arterial switch operation was considered to have been "aborted" when the patient was taken to the operating room with the intention of performing an arterial switch operation and a Senning operation was performed instead, primarily because of the intraoperative assessment of the suitability of the coronary arteries for transfer to the neoaorta. The impact of operative experience is demonstrated in Table 4 in which the entire series is divided cx RC obstruction of the left coronary system was suggested by the observation that the left ventricle appeared well perfused when it was decompressed on bypass, but left ventricular perfusion deteriorated when the ventricle was filled as bypass was discontinued. In both cases, the coronary anastomosis was moved more posteriorly and leftward on the neoaorta, but the extent to which the ostium could be moved was limited by the length of the right coronary artery. In one case, the ostium was augmented with a pericardial patch, as previously suggested,6 but coronary perfusion was not improved. In the case of inverted coronary pattern, the left coronary is not tethered by the right coronary, and transfer of the left coronary to a more posterior and leftward position on the neoaorta is therefore facilitated. However, there is the potential for kinking the coronary since the total distance from ostium to the bifurcation is reduced. Conversely, the right coronary artery must traverse a greater distance since its new ostium is leftward of the original ostium. Careful mobilization of the proximal extent of both coronary arteries can overcome these problems, but either excessive residual tension or injury to the wall of the artery during the dissection could have led to the diffuse narrowing of the proximal several millimeters of the coronary artery observed in the hearts of the two patients with inverted coronary pattern who died from coronary insufficiency within a few months of surgery. Additional experience may resolve the question of whether more or less dissection of the proximal coronary should be performed in these cases.
The type 7 and 8 coronary patterns in which the left coronary arises from the right facing sinus and then has an intramural course between the aorta and pulmonary artery also present potential technical difficulties for an arterial switch approach. If this abnormality is not recognized, the left coronary can be transected in mobilizing the coronary ostium from the sinus of Valsalva, and one early fatality in our LAD series was the result of such a transection. The proximity of the ostia of the left and right coronary arteries in the "right" facing sinus can also present difficulties in obtaining enough tissue for a large flap around both ostia, and the left coronary ostium is frequently quite close to the commissure of the semilunar valve. These anatomical problems found in association with intramural coronary arteries (types 7 and 8) were the major reasons for aborting to Senning operations in 50% of the patients in whom this abnormality was found. However, the problem of coronary ostial proximity to the semilunar valve can be dealt with by excising a portion of the commissure as part of the coronary flap and then resuspending the remainder of the valve (Figure 2) . Altematively, Yacoub1" has suggested the use of a technique in which the coronary ostium is rotated only 900 after mobilizing it from the sinus by anastomosing the "top" of the coronary button to the "bottom" of the cut edge of the neoaorta and then cutting a longer length of distal aorta to anatomose to the original "bottom" of the coronary button. We have not used this technique, nor have we used the Aubert et al technique'2 of creating an aortopulmonary window and then connecting this to the coronary ostia by a patch within the pulmonary artery.
It is noteworthy that a total of 12 patients underwent revision of at least one coronary anastomosis at the time of their arterial switch operation and that sLx of these patients were operative survivors. Immediate intraoperative inspection of the myocardium provides the best opportunity to assess the adequacy of coronary perfusion; if there appears to be inadequate coronary blood flow, the coronary anastomosis should be revised.
The question arises as to whether the attempt should be made to switch these apparently less favorable coronary artery patterns. Two points are worth noting in this regard. First, the less common coronary patterns are most likely to occur in patients with an associated VSD (13 of be considered in the choice of operation for the individual patient. The favorable midterm results of the arterial switch operation in terms of survival, rhythm, and systemic ventricular function14 continue to make it the preferred approach for transposition whenever possible.
